We have investigated the serum levels of dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS) in type II collagen (CII)-induced arthritis (CIA) DBA/1J mice, an experimental model of human rheumatoid arthritis (RA). Serum levels of DHEA and DHEAS were measured by EIA and GC/MS, respectively. Sera were obtained from the mice on day 6, 13, 28 and 48 after the CII treatment. The disease onset of CIA was observed from day 28 (7%) to day 48 (80%) after CII immunization. The serum concentration of DHEA on day 13 did not differ from that on day 6 in CIA mice and untreated controls. Serum levels of DHEA on day 28 and 48 were significantly low compared with those on day 6 in controls. However, in CIA mice, DHEA levels on day 28 and 48 were not decreased from those on day 6. No difference in the serum DHEAS level on day 13 compared with day 6 was observed in either control or CIA mice. A significant decrease of DHEAS levels on day 28 and 48 compared with day 6 was found in both groups. The time point for the retention of DHEA in CIA mice, day 28 and day 48, coincided with the disease onset of CIA. In conclusion, endogenous DHEA may be produced as a result of physiological response for the protection against CIA.
were obtained.
The unconjugated fraction was subjected to HPLC: mobile phase, water-acetonitorile (70 : 30, v/v); column: Wakosil-II 5C18-HG 150 mmϫ4.6 mm i.d. (Wako Pure Chemical Industries, Osaka Japan); flow rate: 1 ml/min. The eluate from between 15.2 and 17.7 min was collected as the DHEA fraction. The solvent was evaporated under vacuum and the residue was dissolved in 0.25 ml of methanol. Aliquots of 0.1 ml of this solution were transferred into two tubes. After evaporation of the solution, 0.5 ml of rabbit anti-DHEA antiserum diluted with assay buffer (0.07 M phosphate buffer (pH 7.4) containing 0.25% bovine serum albumin) and 0.1 ml of alkaline phosphatase (ALP)-labeled DHEA containing 0.6% normal rabbit serum were added. The tubes were then stood at room temperature for 1 h, 0.1 ml of 3% second antibody diluted with the assay buffer was added and the mixture was allowed to stand at 4°C overnight. After B/F separation by centrifugation, the enzyme activity of the resulting precipitate was measured using the kit Alkaline Phospha K-Test ® (Wako Pure Chemical Industries). The coefficients of variation (C.V.) for the intra-and inter-assay were 5.6 and 8.9%, respectively.
The mono-sulfate fraction was hydrolyzed with arylsulfatase (EC 3.1.6.1. from Helix pomatia, Boehringer Mannheim). The resulting samples were subjected to HPLC as for the DHEA assay. Androstenediol diacetate in methanol (40 ng/sample) was added to each sample as an internal standard for GC/MS. After evaporation, derivatization was performed with heptafluorobutyric anhydride (GL Sciences, Tokyo, Japan) at 60°C for 30 min. The reaction mixture was evaporated to dryness. The residue was dissolved in 0.4 ml of dichloromethane and 2 ml of the sample was analyzed by GC/MS. The C.V. for the intra-and inter-assays was 2.3 and 5.4%, respectively.
Cell Preparation Spleen cells were prepared as described previously. 24, 25) In brief, spleen cells from DBA/1J mice were aseptically removed, and a single cell suspension was prepared in RPMI 1640 medium supplemented with 10% fetal bovine serum.
Procedure for Cytokine Assay The concentration of IL-2 or IL-4 in culture supernatants was determined by specific ELISA. 26) Flat-bottomed microtiter plates were coated with anti-mouse IL-2 or IL-4 monoclonal antibody (mAb) and blocked with 300 ml of phosphate buffered saline (PBS) containing 1% BSA, 1% sucrose and 0.05% Tween 20 for 90 min at room temperature. The plates were then washed three times with phosphate buffered saline (PBS) containing 0.05% Tween 20 (PBS-T). Culture supernatant or recombinant (r) murine cytokines (R&D systems Inc. MN, U.S.A.), which was used to construct the standard curve (0-20 ng/ml), was serially diluted with RPMI 1640 medium. One hundred microliter of the samples was incubated in the wells at 4°C overnight. After the incubation, the plate was washed and biotinylated anti-murine IL-2 or IL-4 mAb (R&D systems Inc., MN, U.S.A.) was added and incubated for 2 h at room temperature. The plates were washed and 100 ml of horseradish peroxidase (HRP)-conjugated streptavidin was added. The plates were washed and 100 ml of 0.05 M citrate phosphate buffer, pH 5.8 containing 0.4 mg/ml o-phenylendiamine (DAKO Japan, Kyoto, Japan) and 0.0013% hydrogen peroxide, was added to each well. After 15 min the enzyme-substrate reaction was terminated by the addition of 100 ml of 0.5 M sulfuric acid. The absorbance at 490 nm was measured in microplate reader Model 3550UV (Biorad Laboratories, CA, U.S.A.). Data reduction and calculation were carried out with analysis software package (Microplate Manager ver.2, BioRad). Detection limit of the assays for both cytokines was 0.08 ng/ml. The intra-and inter-assay coefficients of variation were 3.9 and 3.3%, respectively. Mean recovery from culture medium samples ranged from 89 to 97%.
RESULTS

Incidence and Time of Onset of Arthritis in DBA/1J
Mice The incidence and the day of onset of arthritis in mice injected with CII are shown in Fig. 1 . Arthritis was observed from 33 d after the immunization. The onset of arthritis in the present experiment was consistent with previous studies. 25, 27) Serum Levels of DHEA and DHEAS during the Development of Arthritis in CIA Mice During the development of arthritis after the administration of CII to DBA/1J mice, serum levels of DHEA and DHEAS were measured by EIA and GC/MS, respectively. Sera were obtained on day 6, 13, 28 and 48 after the first CII treatment. The serum concentration of DHEA on day 13 was not different from that on day 6 in CIA and untreated control mice, respectively. Serum levels of DHEA on day 28 and 48 were significantly low compared with those of day 6 in controls. However, DHEA levels on day 28 and 48 were not decreased from those on day 6 in CIA (Fig. 2) .
No difference of serum DHEAS level on day 13 compared with day 6 was observed in control or CIA mice. Significant decrease in the level of DHEAS on day 28 and 48 compared with day 6 was found in control and CIA mice, respectively.
IL-2 and IL-4 Production by Spleen Cells
At different times after the immunization with CII, a single cell suspension of spleen cells was prepared and the production of IL-2 and IL-4 was determined after the stimulation with CII or concanavalin A (Con A, Sigma) (Fig. 3) . The production of IL-2, Th1 cytokine, from the CII-stimulated spleen cells increased on day 6. However, on day 13, 28 and 48, the production of IL-2 decreased to 40% of that on day 6 (Fig. 3A) . The IL-2 excretion from spleen cells stimulated with Con A also decreased on day 13, 28 and 48 (Fig. 3B ). On the other hand, the production of IL-4, Th2 cytokine, increased up to 320% compared to that from the Con A-stimulated spleen cells of control mice on day 28 and 48 (Fig. 3C) .
DISCUSSION
DHEA and DHEAS were produced from pregnenolone (Preg) and pregnenolone sulfate (PregS) by cytochrome p-450c17 (CYP17), respectively. This enzyme catalyzes two sequential reactions, the first being hydroxylation of the C17 of Preg or PregS. This reaction can be followed by cleavage of the C17 and C20 bond of 17-hydroxy-Preg (17-OH-Preg) or 17-OH-Preg sulfate (17-OH-PregS) with the resultant formation of DHEA or DHEAS. 28, 29) Although CYP17 is expressed in adrenals and gonads in humans, the enzyme is not expressed in rodent adrenals 30) but in liver. Thus DHEA(S) originates from liver or gonadal glands in mice or rats. Katagiri et al. reported that the expression of CYP17 in rat liver microsomes was reduced to undetectable levels in 7-and 14week old rats based on an immunoblot analysis. 31) In the present study, DHEA levels were significantly decreased on day 28 (13 week old) and day 48 (16 week old) in control mice ( Fig. 2A ). This may be partly due to the decrease in the expression of CYP17 in mice liver as in rat liver. In CIA mice, however, no such decreases were observed (Fig. 2B) . At present, the mechanisms behind the retention of DHEA in CIA mice on day 28 and day 48 are unknown. It is worth keeping in mind that these time points coincided with the disease onset of CIA (Fig. 1) . In our previous report, we showed that most CII-specific CD4 ϩ T cells which develop at the prearthritic phase are Th1 cells, and after the onset of arthritis, the generation of Th2 cells is stimulated. 25) These changes in the Th balance during the course of CIA development have also been reported by others. 32) Much evidence for Fig. 3. IL-2 (A, B) and IL-4 (C) Production from Activated Spleen Cells Spleen cells from DBA/1J mice were aseptically removed, and the cell suspension was prepared in RPMI 1640 medium supplemented with 10% fetal bovine serum. IL-2 and IL-4 levels in the culture medium were measured by ELISA after 48 h stimulation with CII (A) and Con A (B, C) (nϭ3). Cytokine levels (nϭ3) were expressed as percentage of controls (0.9% NaCl treatment). * * * pϽ0.001 vs. day 6.
inducible roles of Th1-type cytokines, IL-2 and IFN-g, in CIA development has been reported. [32] [33] [34] [35] Conversely, Th2type cytokines, IL-4 and IL-10, have been reported to ameliorate CIA. [36] [37] [38] [39] [40] Thus the activation of Th2 cells may contribute to the remission phase of CIA. 41) In the present study, the levels of the Th2 cytokine, IL-4, was significantly increased on day 28 and day 48 in CIA mice (Fig. 3C ).
It has been reported that postmenopausal RA patients had significantly reduced levels of DHEA and DHEAS compared with normal postmenopausal women. 15, 16) Moreover, Williams et al. reported that administration of exogenous DHEA to DBA/1J CIA mice prevented the development of CIA. 42) Taking these findings into account, the retention of DHEA on day 28 and day 48 in CIA mice may be the result of the physiological response in protection against CIA.
